Introduction
============

Combination therapy of interferon alfa and RBV has become standard treatment in adults with chronic hepatitis C (CHC) [@B1]-[@B6]. Although several studies have been performed on the treatment of CHC with interferon-alfa and RBV between 3 to 16 years of age, most of the patients were infected via vertical transmission, limited data are available regarding the use of interferon-alfa combined with RBV in children aged 1 to 6 years, especially those were infected by unsafe injection route. Christensson et al. [@B7] and Lackner et al. [@B8] reported encouraging results in a small number of children and adolescents with malignant disease in remission and chronic hepatitis C, SVR were 64% and 50%, respectively. However, many of them were infected with genotype 3 hepatitis C virus. The lack of safe and highly efficient therapies during childhood with CHC in China resulted in increasing adulthood burden of advanced hepatitis C disease [@B9]. The aim of the study was to investigate SVR to the alfa-interferon 2b plus RBV treatment in children aged 1-6 years with unsafe injection-acquired CHC in China.

Materials and Methods
=====================

Study population
----------------

154 naive patients with CHC treatment were enrolled in the study. Mean age at diagnosis was 2.92±1.37 years, range from 1 to 6 years**.** The children received recombinant alfainterferon-2b at the dosage of 1-5 MIU/m^2^ of 3 times weekly in combination with oral ribavirin (15 mg/kg/d) for 48 weeks. The efficacy was evaluated by the SVR and side effects.

Diagnosis
---------

CHC infection was diagnosed on the basis of anti-HCV antibodies and quantitative serum HCV RNA determination. Virologic response is defined as HCV-RNA level cannot be detected and ALT return to the normal level [@B10]. The level of serum HCV RNA was quantified by the COBAS Taqman HCV Test (Roche Molecular Systems), and the threshold was 15 IU/mL. The human genome DNA was extracted from the blood samples using a QIAamp DNA Blood Mini Kit (Qiagen, Germany), and the primer used for amplying the IL-28B was: 5′-TCGCCAGGGCCCCTAACCTC-3′ (forward primer) and 5′-CCCAGCAGGCGCCTCTCCTA-3′ (reverse primer). The sequencing results from Sangon Biotech (Shanghai) were analyzed by Vector NTI for genotyping. The baseline viral load was classified as low baseline viral load (\<6×10^5^IU/mL) and high baseline viral load (≥6×10^5^IU/mL) as described in previous study [@B11], [@B12]. And the endpoint of therapy is the SVR, defined by undetectable HCV RNA 24 weeks after the end of therapy, as assessed by a sensitive molecular method with a lower limit of detection \<15 IU/ml [@B13]. The lack of response to therapy was defined as HCV viral load decline less than 2 logs at week 12 during therapy or detectable HCV RNA in serum at any other time during the 48-week therapy. Relapse was defined as undetectable HCV RNA in serum at the end of therapy, followed by detectable HCV RNA after the completion of therapy. Breakthrough was defined as reappearance of HCV RNA at any time during treatment after a negative result or increase of 1 log IU/ml from nadir. The early virological response (EVR) is defined as an HCV RNA, which is undetectable at week 12[@B13]. The criterion for inclusion for this study was confirmed as chronic hepatitis C by detection of HCV RNA. The patients had not severe chronic hepatitis or cirrhosis, and pretreatment antibodies against liver kidney membrane autoantibodies were negative, hyroid function was normal. The exclusion criteria included hepatitis B or human immunodeficiency virus (HIV) coinfection, coexistent autoimmune liver diseases, hemochromatosis or other coexistent chronic liver diseases (Wilson\'s disease), metabolic liver disorders, prior immune suppressive therapy and severe neurologic impairment.

Monitoring
----------

Blood and serum analyses as well as a physical examination were performed every 2 weeks for the first 4 weeks, then every 3 months until the end of treatment, and thereafter at the third and sixth months of post therapy follow-up evaluation. Monitoring of treatment side effects was performed by recording patient parents\' dictation at each visit.

Statistical analysis
--------------------

Statistical analysis was carried out using the SPSS 19.0 statistical software package, the continuous variables were expressed as the means ± SD (range) and compared using Student\'s unpaired t test (Table [4](#T4){ref-type="table"}). Categorical variables were reported as the number of cases (percentage), frequencies were compared using the x^2^ test or Fisher\'s exact test (Table [2](#T2){ref-type="table"} and Table [4](#T4){ref-type="table"}). Several factors implicated as possibly predictive of SVR rate in previous adult studies were entered in logistic regression analysis (Table [4](#T4){ref-type="table"}) to evaluate their impact on the response to HCV therapy in our pediatric population. P values less than 0.05 were regarded as statistically significant.

Ethics statement
----------------

The study protocol was approved by the Beijing 302 Hospital Research Ethnics Committee, and written informed consents for therapy and study were obtained from each patient\'s parents.

Results
=======

Demographic Data
----------------

154 patients with CHC aged 1 to 6 years were enrolled, and patients\' baseline characteristics are showed in Table [1](#T1){ref-type="table"}. The mean age ± standard deviation (SD) was 2.92±1.37 years. 101 of them (65.6%) were male and 53(34.4%) were female. Histological examination showed mild or moderate chronic inflammatory activity and low degree of fibrosis in all 154 patients. The HCV genotype distribution was 57 (39.3%) patients with genotype 1b; 73(50.3%) with genotype 2a, 15 with undecided type (10.3%). The mean ±SD of the HCV RNA baseline viral load was 4.76±1.41 (log~10~ IU/mL). ALT level in 59.1% was more than 40 U/L and in 40.9% was less than 40 U/L. Among those patients, IL-28B rs12979860 was detected in 123 patients. C/C and C/T genotypes accounted for 83.7 %( 103/123) and 16.3% (20/123), respectively. Rather than conventional examination, IL-28B genotype detection is an optional detection, some patients refused to perform IL-28B genotype detection due to extra expense, that is the reason why there was 20% missing genotype information. As a retrospective study, all data were collected after the treatment and then analyzed.

Virological response
--------------------

Among the 154 patients, only 2 of them experienced a viral breakthrough and became HCV-RNA positive again at the sixth and ninth months of therapy, respectively, two individuals were observed HCV viral load decline less than 2 logs at week 12 during therapy, one of the patients\' relapse, which were classified as a lack of responders. Rapid viral response at 4 weeks was achieved in 100 patients (66.7%), early response at 12 weeks was achieved in 153 patients (99.4%). At the end of treatment, 149(96.8%) patients were SVR and remained HCV-RNA negative during the 6-month follow-up period. Table [2](#T2){ref-type="table"} demonstrated characteristics of 154 children with CHC associating with SVR. The rate of SVR in male and female was 98.0% and 94.3%, respectively. 53(93.0%) of the 57 patients with genotype 1b, 72 (98.6%) of 73 with genotype 2a, 15(100.0%) of 15 with undecided type showed SVR. There was no difference in SVR between HCV genotype 2a and those with HCV genotype 1b (98.6% vs 93.0%, p=0.160). The rate of SVR was higher in patients with IL 28B genotype C/C than genotype C/T (99.0% vs 80%, p=0.002). ALT level and AST level was detected in 154 patients, respectively. Among patients with SVR, the ALT level of 88 patients was more than 40U/L and ALT level of 61 patients was less than 40 U/L. AST level of 94 patients was more than 40 U/L and AST level of 55 patients was less than 40 U/L. HCV RNA viral load was detected in 154 patients. Among those with SVR, 41 patients were more than 6×10^5^IU/mL, 108 patients were less than 6×10^5^ IU/mL. There was no difference in SVR between the patients with lower baseline viral load (\<6×10^5^IU/mL) and higher ones (≥6×10^5^IU/mL) (97.3% vs 95.3%, p=0.916). Also, statistical analysis showed that there were no significant differences in the SVR between ALT\>40U/L group and ALT≤40U/L group (96.7% vs 96.8%, p=1.000), AST\>40U/L group and AST≤40U/L group (95.9% vs 98.2%, p=0.654).

Adverse events
--------------

Adverse events during recombinant alfa-2b interferon plus ribavirin therapy were described in the table [3](#T3){ref-type="table"}. And there was moderate fever symptom in 78(50.6%) patients during the first weeks of treatment. Weakness, myalgia, dizziness were observed in one patient (0.6%). 2(1.3%) patients suffered rhinorrhoea. Gastrointestinal symptoms were observed in 9 patients, among them, 5(3.2%) were anorexia, 1(0.6%) was vomiting, 3(1.9%) were diarrhea. Psychiatric symptoms were found in four patients in the study, 2(1.3%) of them were insomnia, another 2(1.3%) were irritability. Febrile convulsions did not occur. In all of them the symptoms resolved or were negligible during the second 6 months. Only one patient had anorexia but no severe weight loss. 149 patients in this study suffered hematological changes, 13(8.4%) of them suffered leucopenia, 107(69.5%) patients showed neutropenia, 37(24.0%) patients suffered hemoglobin concentration decrease, 3(1.9%) patients had platelet count decrease. 7(4.5%) patients were observed rash. But only 12(7.8%) patients enrolled in the study developed thyroid autoantibodies. All side effects disappeared after the end of treatment, no patient discontinued treatment due to side effects of alfa-2b interferon plus ribavirin therapy.

Predictive factors for SVR
--------------------------

Age, viral load, HCV genotype, aspartate aminotransferase and IL28B genotype were selected as possible pretreatment predictive factors of the response to IFN/RBV for further analysis [@B14]-[@B19]. The results of the univariate and multivariate analyses are shown in Table [4](#T4){ref-type="table"}. In the univariate and multivariate analysis, no significant association (p=0.724, p=0.619) between age and SVR was observed. In addition, HCV genotype 1b/2a (p=0.160, p=0.265) and baseline viral load (p =0.916, p=0.518) was not observed for a significant association with SVR.

However, the univariate and multivariate analysis revealed IL28B genotype had a significant association with SVR, and genotype C/C was the most potential and critical predictor (p =0.002, p=0.004) for SVR compared with other factors.

Discussion
==========

It is well known that CHC treatment for the hepatitis C patients in childhood can effectively reduce the risk of progression to cirrhosis in their adulthood. However, there remains a dearth of evidence for such treatments in children. Some studies using interferon-alfa and ribavirin in children aged 3-18 years was observed overall response rates between 41.7% and 61% [@B1], [@B2], [@B6], [@B20]-[@B22]. Unlike the previous studies, the age of the patients enrolled in our study was 1 to 6 years old, and the SVR rate of the Hepatitis C patients enrolled in the present study was much higher (96.8%) than previous ones (64% and 50%) [@B6], [@B7], although patients enrolled in these studies were treated with similar protocol.

A previous study reported an overall response rate of genotype 2/3(84%, 21/25) is much higher than those with genotype 1(36%, 33/92) [@B23]. Druyts et al. [@B22] reported SVR in genotypes 1, 2, 3 and 4 were 61%, 87%,89% and 52%, respectively. Our data demonstrated that there was no correlation between HCV genotype and SVR. The relationship between viral load and SVR is still controversial. Chen et al. [@B24] reported SVR rate in the patients at the age of 19-76 with non-genotype 1 HCV infection was 91.4%, while SVR rate of HCV genotype 1 was 66.3%, higher viral load appeared to contribute more to the SVR. However, Kim et al. [@B25] reported HCV genotype 1 and high baseline viral load (HCV RNA \>8.0×10^5^ IU/mL) were associated with low SVR rate in the patients at the age of 46 to 66. In addition, our results indicated that there was no correlation between SVR and the baseline HCV RNA viral load. Our data showed that patients with normal alanine transaminase levels also achieved considerable SVR (96.8%) and found that there was no correlation between SVR and ALT level.

Interestingly, two reports found that IL-28B genotype was associated with viral load [@B14], [@B26], and we perform further analysis on this matter. The rs12979860 polymorphic site distribution difference between the HCV RNA\<6×10^5^ group and ≥6×10^5^ group was compared. C/C frequency in those two groups were 86.7% and 82.8%, respectively, and C/T frequency were 13.3% and 17.2%, the IL-28B genotype distribution had no association with viral load(P=0.830), which was similar with previous results [@B27], [@B28]. The main focus of this study was the potential clinical applicability of IL-28B genotype. Therefore, we further analyzed the utility of IL-28B genotype polymorphism as a predictor of SVR and found that rs12979860 C/C could be utilized to predict a sustained response with 100% specificity and 98.04% sensitivity which is higher than previous reports [@B12], [@B27], we assume the reason for the higher specificity and sensitivity in our study is that the age of patients in our study is younger. C/C was found to be an independently predictive factor associated with SVR in Chinese Children Aged 1 to 6 Years with Chronic Hepatitis C in our study.

The data of this study showed that alfa-interferon-2b plus ribavirin treatment in children aged 1-6 years with CHC was well tolerated and yielded an encouraging result with 96.8% SVR, and the most common adverse events consisted of influenza-like symptoms, gastrointestinal complaints and fever. Leucopenia, neutropenia and hemoglobin decrease occurred in approximately 8.4%, 69.5% and 24.0% of treated children, respectively. Psychiatric symptoms such as insomnia and irritability in most naive patients were mild to moderate in severity. Importantly, severe infections did not occur in any of the children who developed neutropenia in these studies. All side effects disappeared after the end of treatment. Although according to current knowledge, the inflammatory activity in liver tissue is usually mild at the age of 1-6 and may stay at a low level over more than 10 to 15 years, our study showed that better efficacy could be achieved by earlier antiviral treatment for these patients.

In conclusion, compared with HCV viral genotype, baseline viral load, ALT level and other factors, IL-28B rs12979860 is more suitable for predicting antiviral efficacy in children with CHC. It is inappropriate to take the increase of ALT level as an essential indicator for antiviral treatment in children aged 1-6 years.
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###### 

Baseline characteristics of 154 children with CHC before treatment

  Factor                              number   proportions   Mean±SD
  ----------------------------------- -------- ------------- -----------
  **Total Number**                                           
  Age(years)                                                 
  Median(range)                                              2.92±1.37
  Age range(years)                    1-6                    
  Sex                                                        
  Male                                101      65.6%         
  Female                              53       34.4%         
  HCV genotype                                               
  1b                                  57       39.3%         
  2a                                  73       50.3%         
  Undecided type                      15       10.3%         
  IL28B genotype                                             
  C/C                                 103      83.7%         
  C/T                                 20       16.3%         
  Serum ALT(U/L)                                             
  \>40                                91       59.1%         
  ≤40                                 63       40.9%         
  Viral load HCV RNA(log~10~ IU/mL)                          4.76±1.41

###### 

Characteristics of 154 children with CHC associating with SVR

  variable              Total                    With SVR      Without SVR   *p*Value
  --------------------- ------- ---------------- ------------- ------------- ----------
  Sex                   154     Male             99 (98.0%)    2 (2.0%)      0.340
                                Female           50 (94.3%)    3 (5.7%)      
  HCV genotype          145     1b               53 (93.0%)    4(7.0%)       0.160
                                2a               72 (98.6%)    1(1.4%)       
                                Undecided type   15 (100.0%)   0(0.0%)       
  IL28B genotype        123     C/C              102 (99.0%)   1 (1.0%)      0.002
                                C/T              16 (80%)      4 (20%)       
  Serum ALT(U/L)        154     \>40             88 (96.7%)    3 (3.3%)      1.000
                                ≤40              61 (96.8%)    2(3.2%)       
  Serum AST(U/L)        154     \>40             94 (95.9%)    4(4.1%)       0.654
                                ≤40              55(98.2%)     1(1.8%)       
  Baseline viral load   154     ≥6×10^5^         41 (95.3%)    2 (4.7%)      0.916
  (IU/mL)                       \<6×10^5^        108 (97.3%)   3 (2.7%)      

###### 

Frequency of adverse events during recombinant Alfa-2b interferon plus ribavirin therapy

  Side effect                     Number   proportions
  ------------------------------- -------- -------------
  **Influenza-like symptoms**              
  Fever                           78       50.6%
  Weak                            1        0.6%
  Myalgia                         1        0.6%
  Rhinorrhoea                     2        1.3%
  Dizziness                       1        0.6%
  **Gastrointestinal symptoms**            
  Anorexia                        5        3.2%
  Vomiting                        1        0.6%
  Diarrhea                        3        1.9%
  **Psychiatric symptoms**                 
  Insomnia                        2        1.3%
  Irritability                    2        1.3%
  **Hematological changes**                
  Leucopenia                      13       8.4%
  Neutropenia                     107      69.5%
  Hemoglobin decreased            37       24%
  Platelet reduction              3        1.9%
  **Others**                               
  Rash                            7        4.5%

###### 

Possible predictors for SVR in children with CHC by univariate and multivariate logistic regression analysis

  -----------------------------------------------------------------------------
  Variable              SVR\          Non-SVR\    Univariate\   Multivariate\
                        n=149         n=5         *P* value     *P*value
  --------------------- ------------- ----------- ------------- ---------------
  Age(years)            2.95±1.38     2.73±0.74   0.724         0.619

  Baseline viral load                             0.916         0.518

  ≥6×10^5^ IU/mL        41 (95.3%)    2 (4.7%)                  

  \<6×10^5^IU/mL        108 (97.3%)   3 (2.7%)                  

  HCV genotype                                    0.160         0.265

  1b                    53 (93.0%)    4 (7.0%)                  

  2a                    72 (98.6%)    1 (1.4%)                  

  Undecided type        15 (100.0%)   0 (0.0%)                  

  IL28B genotype                                  0.002         0.004

  C/C                   102 (99.0%)   1 (1.0%)                  

  C/T                   16 (80%)      4 (20%)                   
  -----------------------------------------------------------------------------
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